Two identification matrices for use with computerized probabilistic identification were constructed, based on 327 reference strains and 2 12 field isolates of Gram-positive, aerobic coccoid bacteria. The first, MICR 1, was constructed for catalase-positive strains (Micrococcaceae); the second, STPC 1, for catalase-negative strains (streptococci). The quality of the resultant data was assessed using statistical analysis, and the value of the identification statistic used was considered in the light of possible alternatives.
I N T R O D U C T I O N
Gram-positive, aerobic cocci are a large medically important group of bacteria. They can be broadly divided into those that readily produce catalase (Micrococcaceae) and those that usually do not (the streptococci).
The Micrococcaceae have undergone drastic taxonomic revision since 19 74 (Baird-Parker, 1974) , and 15 new species have recently been proposed (see Feltham, 1979b) . The clinical significance of many of these is not yet clear. The identification scheme proposed by Kloos & Schleifer (1975) has superseded that of Baird-Parker (1966) for most research laboratories, but has yet to filter through to the clinical level. There is a commercially available identification kit for most of the new proposed species of Staphylococcus (APISTAPH: API Laboratory Products, Invincible Road, Famborough, Hampshire, U.K.).
Traditionally, clinical streptococcal identification has relied on serological methods. Diagnostic serological kits allow rapid identification of the Lancefield antigenic groups A, B, C and G. Parker & Ball (1976) showed, in a study of streptococci from blood and internal organs, that only 26% of isolates belonged to these four antigenic groups. Hardy et al. (1978) found only 21 % of streptococcal infections from a wide spectrum of sites to be of these antigenic groups. In the same study 37% had group D antigens and the other 42% would have been untypable by the current diagnostic serological kits. Epidemiological studies of streptococci cannot be sufficiently accurate unless a large proportion of species, presently not easily recognized with these kits, can be identified. A commercial characterization kit for identifying streptococci (including the 'viridans' group) uses 20 enzymatic and biochemical tests, (API20STREP; API Laboratory Products; Waitkins et al., 1980) . This is an updated and enlarged version of a prior kit which was only useful for a limited number of phenotypes.
Computer-assisted identification of bacteria is now an established procedure Hill et al., 1978; Kelley & Kellogg, 1978) . The method relies on accurate, standardized tests and detailed reference descriptions of discrete groups of organisms, which show the percentage of positive test reactions demonstrated by strains in each group. The present contribution describes the construction of data bases for the computer-assisted identification of aerobic, Gram-positive cocci. 99 1 1 9 9 1 1 1 1 1 9 9 1 1 4 0 1 1 1 1 2 0 9 9 9 9 9 9 1 1 1 9 9 S taph. intermedius Staph. simulans 99 1 1 9 9 1 1 1 0 9 9 9 9 9 9 1 1 1 1 9 9 1 1 5 9 9 9 9 9 9 1 1 1 9 9
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M E T H O D S
Choice of taxa. Species of Micrococcaceae and streptococci described in the 8th edition of Bergey 's Manual of Determinative Bacteriology (Buchanan & Gibbons, 1974) were used as the basic set, and to this were added new species described since then. Possible related genera such as Aerococcus and Arthrobacter were also included. The majority of taxa studied were described by Feltham (1979a, b) , but the list has been supplemented by additional taxa from unpublished work by P. Bridge and A. Nakkash of this Department. Although some of these species have not been shown to have clinical significance, their inclusion was essential because of the need to distinguish them from pathogenic forms with which they might be confused.
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The quality of the matrices was analysed using programs, developed by Sneath (19793, 1980a After checking for statistical quality, the matrices were tested with field and reference strains using well-tried identification programs (Sneath, 1 9 7 9~) developed in this Department. Ideally one would use an entirely new set of 
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Statistical quality analyses
CHARSEP (Sneath, 1979 b) . (a) MICRl had six characters with low separating power at a cutoff level of 85% using the VSP index; eight more characters were barely discriminative.
However, 29 characters had good discrimination (VSP about 20%) and nine of these were excellent (VSP above 70%). (b) STPC 1 had 10 characters with low separating power at a cutoff level of 85 % using the VSP index; 10 more characters were barely discriminative. However, 25 characters had good discrimination (VSP above 20%) and six of these were excellent (VSP above 70%). MOSTTYP (Sneath, 1980a) . (a) MICRl most typical organisms all had high Willcox probability scores (Willcox et al., 1973 ) of 0.999 or greater (82% of taxa were higher than (b) STPCl most typical organisms all had high Willcox probability scores of 0.999 or We view these results as very satisfactory. OVERMAT (Sneath, 1980b) . (a) MICRl taxa had sizes varying from 2 to 54 (average number of strains per taxon was 8). One taxon (Micrococcus halobiuslmaripuniceus) was phenotypically heterogeneous with a high standard deviation (>0.29); this consisted of two strains which differed in seven test results. The greatest overlap was 3% between Micrococcus luteus 3, and Micrococcus luteus 4. No other overlaps exceeded 1.6 %. We feel this is very satisfactory for a first identification matrix of these organisms.
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(b) STPCl taxa had sizes varying from 2 to 31 (average number of strains per taxon was 6). No taxon had a standard deviation higher than 0.27, indicating reasonable homogeneity. Table 3 gives the pairs of taxa with overlaps greater than 1.0%. Most of these overlaps, which are not uncharacteristic in bacterial matrices, would have been lower if more strains had been studied. 0.99 9 9 9). greater (88% of taxa were higher than 0.9999 and 76% were higher than 0-99999).
D I S C U S S I O N
The aerobic, Gram-positive cocci can be split using one test, catalase, which is a fairly standard and readily interpreted method. If all the data were in one matrix the resultant matrix would be too large (72 taxa) for many laboratory computers to handle satisfactorily. If the catalase test is dubious or not done, it is worth trying the unknown against both matrices.
The success rate of computer-assisted identification is usually measured by a comparison of the results with conventional identification methods (Lapage et al., 1973 ; Hill et al., 1978) . The taxonomy of the Micrococcaceae has changed considerably since 1974 and the taxonomy of the streptococci is far from being finalized. Conventional identification methods for these groups are therefore not very satisfactory, and one cannot expect much value from comparisons with inadequate methods. It seems more important to assess identification on its self-consistency (the statistical quality of the matrix) and its concordance with the newer taxonomies now emerging. Ideally the matrices should be based on these, as we have tried to do here. The statistical analysis programs provide objective measures of the usefulness of matrices at least insofar as the computer-assisted identification is self-consistent.
Ident fication of aerobic, Gram-positive cocci 719 There are two main problems in obtaining accurate identifications (Sneath, 1974) : (a) inadequacy of the reference description of the taxa, and (b) inadequacy of the results of the unknown that is to be identified. The first problem can result from tests being too few or not sufficiently discriminatory, insufficient numbers of strains making up the taxon entry in the matrix, taxa being inadequately classified (e.g. no analysis by numerical taxonomy), error in the test results for the taxon, and insufficient taxa in the matrix to cover the range of unknowns. The results of the quality assessment programs for MICRl demonstrate that (a) the reference descriptions and sizes of the taxa are adequate for good identification of most unknowns, and (b) the taxonomic basis for the taxa, which are sufficiently discrete, is also adequate. The results for STPC 1 demonstrate the opposite: (a) the reference descriptions are adequate but the sizes of some of the taxa are inadequate, and (b) the taxonomic data base is inadequate because the classification is poor. Besides testing the self-consistency of matrices, therefore, the programs point to areas where better taxonomy is required. A more detailed taxonomic study of the streptococci, in toto, and related organisms should help to clarify the situation and provide a better base from which to construct a useful matrix. The percentage of successful identifications with the two matrices seems reasonably good for work of this kind, and similar to that reported by Lapage et al. (1973) .
Any evaluation of a computer identification method must bear these points in mind together with the identification score, using Willcox's statistic, reaching 0.999, with few, if any, character results against the identification. It is possible to obtain a normalized probability score of greater than 0.999, even though five or six tests are against the identification. This is caused by the normalizing process, which can result in an apparently successful identification when, in fact, the correct taxon is not included in that particular matrix (Willcox et al., 1980) . One possible solution would be to modify or replace the identification statistic. The modal likelihood fraction of Dybowski & Franklin (1968) , discussed by Lapage et al. (1973) , gives a more statistically satisfying result but allows no threshold identification levels as demonstrated by the Willcox method. Sneath (1979 a) describes several possible contenders, which include the taxonomic distance.
Commercial computer-assisted identification methods for bacteria are advancing rapidly; however, more effort, now, on the theoretical side could provide greater benefits.
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